Background: Non-specific physical symptoms (NSPS) such as abdominal pain, headache and musculoskeletal pain are widespread in the community, and are common reasons for visiting a general practitioner (GP). Causes of NSPS are multifactorial, but may include parental influences.
Introduction
Non-specific physical symptoms (NSPS), such as musculoskeletal pain, abdominal pain, and headache are common in children [1, 2] . Annually, about one third of children consult a general practitioner (GP) for NSPS [3, 4] . NSPS among children are associated with functional impairment and negative impact on quality of life [5, 6] . This represents a significant burden on health care services through frequent general practitioner (GP) consultations, diagnostic testing, and referrals to secondary care services [7] [8] [9] . The causes of NSPS in children are yet to be fully explained, but are likely to be multifactorial, including genetic and psychosocial factors, such as parental influence on childhood illness and health-seeking behavior [3, 10, 11] .
A recent systematic review found evidence of an association between GP consultations for NSPS in parents and children, but its findings were limited by the methodology used in the empirical studies, including the use of cross-sectional designs, reliance on self-reported data by either parents or children, and including children from specific age groups only [12] . Further research using documented GP consultation data may provide more precise information about the impact of parental NSPS on the child's health and GP consulting behavior for NSPS.
The objective of this study was to investigate the association between GP consultations for NSPS in parents and their children, assess whether this is different for mothers and fathers, and identify gradients of association for any observed associations.
Methods

Ethics statement
Ethical approval for the Consultations in Primary Care Archive (CiPCA) database was given by the North Staffordshire and Staffordshire Research Ethics Committees (UK), who gave permission to download and store anonymised medical record information for research use from participating general practices. All general practices participating in CiPCA inform their patient populations that their anonymised records will be used in this way and all patients are offered the opportunity to withdraw their records from inclusion in CiPCA.
Study design and setting
This was a matched case-control study of children and their parents registered with UK GP practices. The setting was GP practices contributing to CiPCA, a primary care research database containing all recorded primary care consultations occurring at a subset of GP practices in Staffordshire, UK. In 2007, 12 GP practices contributed to the CiPCA database. The total population registered with these practices at mid-year 2009 was 104,911. CiPCA is a high quality, anonymized, and validated database, and the contributing practices have regular cycles of training, assessment and feedback with respect to the quality of coded clinical data [13] . Data from CiPCA on the annual consultation prevalence for musculoskeletal conditions are comparable to data from larger national primary care databases [14] .
Participants
Eligible participants were children and their parents registered with CiPCA practices between January 2007 and December 2009. We randomly selected only one child per household for inclusion in the study, because the main exposure of interest was parental consultation for NSPS, which would be the same for siblings; this thereby avoids over representing families with more than one child. Cases were defined as children, aged 2 to 16 years in 2009, who had at least one recorded GP consultation for NSPS between 1 January and 31 December 2009 (inclusive). We used the same criteria to define controls except that controls had at least one GP consultation, but not for NSPS.
We matched controls to cases on sex, maternal age group, and GP practice. We included between one to four controls per case (depending on the availability of suitable controls). If more than four controls per case were available, four were randomly selected. The sample size was calculated for 80% study power and 95% confidence using EpiCalc 2000 [15] . Sample size calculations showed that 535 children were required (107 cases and 428 controls) for each analysis (within mothers and children, and within fathers and children) to be able to detect an association between GP consultation for NSPS in parents and children with an odds ratio (OR) of 2, assuming the proportion exposed in the control group is 20%, and with 1:4 ratio of cases to controls.
Study variables
Outcome measures were the child's GP consultation status for NSPS and stratified by type of NSPS (painful and not-painful), different body systems, and single NSPS (see table 1), number of GP consultations for NSPS, and number of different NSPS consulted for.
Ascertainment of child GP consultations for NSPS
We identified GP consultations for NSPS by using a comprehensive list of standardized diagnostic Read codes referring to the list of NSPS presented in table 1. This list includes 33 NSPS from the diagnostic criteria in the third revision of Diagnostic and Statistical Manual of Mental Disorders for Somatization Disorder [16] and nine NSPS from the somatization factor of the Hopkins Symptom Checklist [17] . These NSPS were included in previous studies of Children's Somatization Inventory [18, 19] and other epidemiological studies investigating NSPS in children and adolescents [1, 20] .
Read codes are a hierarchy of morbidity, symptoms and process codes that are used to record all electronic morbidity data in primary care in the UK [21] . We developed this list of Read codes by reviewing all Read codes referring to signs and symptoms in Read coding system. The full list of Read codes for included NSPS is available upon request from the authors. We classified GP consultations for NSPS as such if the reason for encounter was coded by the GP using any Read codes from our list. Also, one reviewer (MS) reviewed all free-text records for these consultations to ensure that the cause of symptoms (in the opinion of the GP) was not-specific: (a) not due to trauma or pregnancy (in mothers) (b) no recorded abnormalities on physical examination and/or diagnostic testing. If no information indicating (a) or (b) was available in the free-text records, we classified such consultations as consultations for NSPS.
Assessment of exposure to parental consultations for NSPS
Within the CiPCA database, household identification codes were used to link household members, then date of birth was used to determine parents of included children. A mother/father of a randomly selected child within each household was defined as being a female/male aged 17 to 45 years at the birth of the child. All GP consultations made by parents between 1 January 2007 and 31 December 2008 were extracted from the CiPCA database. Maternal and paternal GP consultation status for NSPS between 2007 and 2008 were identified using the same method as described above for children. In children with GP consultation data on both parents, parental GP consultation status for NSPS was grouped into four categories. These comprised: both parents consulted for NSPS, only mother consulted for NSPS, only father consulted for NSPS, and neither parent consulted for NSPS. We also measured the total number of GP consultations for NSPS, and number of different NSPS in consulting parents during 2007-8. We also measured NSPS in parents sorted by painful and not-painful NSPS, body system, and single NSPS (table 1).
Measurement of other independent variables
Besides variables used for case-control matching, we also obtained child's age, paternal age group, child birth order, household member count, index of multiple deprivation (IMD) 2007 scores for residential area level deprivation for included children, and parental history of anxiety or depressive disorders.
Children's age was split into tertiles (2-6, 7-11 and 12-16) and parents' age into quartiles (19-28, 29-39, 40- Younger siblings for index children were defined as persons from the same household born after the index child, whereas older siblings were defined as persons from the same household and aged 16 or less at the birth of the index child. The birth order of the child was classified as ''first'' if the child had no siblings or if the child was the oldest child in the household (with no other household members' meeting the definition for a sibling). The child household member count was dichotomized into households with three members or less and households with more than three households. Households with 13 or more members were excluded to prevent including families living in shared households. The IMD 2007 scores were constructed by the Department of Communities and Local Government, and conceptualized as a weighted area level aggregation of scores for seven domains of deprivation including income; employment; health deprivation and disability; education, skills and training; barriers to housing and services; crime; living environment [22] . IMD 2007 scores range from 0% to 100% where higher scores indicate greater deprivation [22] . IMD 2007 scores were also presented as quintiles with ''1'' representing the most affluent and ''5'' representing the most deprived. Maternal and paternal history of anxiety or depressive disorders status (yes, no) was identified by searching parental electronic primary care records between 2007 and 2008 using a list of symptom and diagnostic Read codes Physical Symptoms in Children and Parents PLOS ONE | www.plosone.orgreferring to anxiety and depressive disorders (this list is available on request from the authors).
Statistical methods
Chi-squared tests and Mann-Whitney U tests were performed to test for significant baseline differences between cases and controls. We performed univariable analyses to examine crude associations between the independent variables and the child GP consultation status for NSPS using Cox regression. Effect size estimates were summarised using odds ratios (OR) with 95% confidence intervals (CI). We included all independent variables in the multivariable Cox regression to obtain adjusted associations between parental and child consultation for NSPS. In separate multivariable analyses, we also tested for any interaction effects between parental GP consultations for NSPS and other independent variables on the child GP consultation for NSPS.
In order to test for any potential gradient in associations, logistic regression was used to model effect of increasing number of paternal GP consultations for NSPS, and increasing number of different NSPS a parent consults for, on whether a child consults for NSPS. Similar analyses tested the relationship between consultation for multiple NSPS in parents and children. Furthermore, using Poisson regression we investigated whether there was a relationship between number of maternal consultations for NSPS and number of NSPS consultations in children.
In analyses for associations for painful and not-painful NSPS, body system, and single NSPS we adopted an unmatched casecontrol approach using logistic regression because relatively small number of cases have consulted for these symptoms categories. All analyses were carried out using SPSS (version 20.0) [23] and STATA (version 12) [24] .
Results
Characteristics of cases and controls
5308 children were included (1328 cases and 3980 controls). The mothers of all children were identified. The fathers of 42.5% of cases and 42.7% of controls were unknown based on GP registration data, leaving 766 cases and 2292 controls with identifiable fathers. This may be because fathers were registered with other GP practices or were not registered with any practice at all, or because children were living with single-mothers. The baseline characteristics of all study participants are shown in table 2. Cases and controls differed significantly on all variables except for IMD 2007 scores and father history of anxiety or depressive disorders. Median age for cases was 10 years (Interquartile range 9) and 8 (8) years for controls (table 2). Maternal age was significantly different in cases and controls despite matching them on maternal age group. The most common single NSPS in children were abdominal pain, joint pain and headache. Abdominal pain, joint pain and back pain were the most common symptoms in parents (table 1) .
The association between GP consultations for NSPS in parents and children Overall, 52% of cases and 41% of controls had a maternal history of consultation for NSPS, and 30% of cases and controls (with available paternal records) had paternal history of consultation for NSPS.
Initially, analyses included all children, irrespective of whether both parents were identified. Univariable analysis revealed that cases were more likely than controls to have a history of maternal GP consultation for NSPS (crude OR 1.55, 95% CI 1.37, 1.76), a finding which persisted in multivariable analysis (adjusted OR
group, child birth order, household members' count, and maternal history of anxiety and depressive disorders. We found no significant association between GP consultation for NSPS in fathers and children (table 3) . Subsequently, analyses included only those children who had both parents identified in the study sample (764 cases and 2183 controls).
We found that in instances where only a mother consulted for NSPS, the odds of a child having a GP consultation for NSPS was 1.38 (95% CI 1.14, 1.69) as compared to a child with neither parent consulting for NSPS. We found no significant association between GP consultations for NSPS in fathers and children (see Table 4 ). However, GP consultation for NSPS in both parents was associated with increased odds of child consulting for NSPS (adjusted OR 1.57, 95% CI 1.23, 2.01).
No significant interaction effects were identified between parental consultation for NSPS and other independent variables on the child GP consultation status for NSPS.
Gradients association between GP consultations for NSPS in parents and children
Analyses for gradients association were restricted to motherchild pairs because we found no significant associations between GP consultations for NSPS in fathers and children. Logistic regression analysis showed a significant increase in the odds of child consulting for NSPS with increasing number of GP consultations for NSPS and number of different NSPS consulted for in the mother (see table 5 ). Children whose mother consulted only once had odds of consulting almost 1.4 times higher than children whose mother didn't consult. These odds increased to 2.14 (95% CI 1.68, 2.72) for those children whose mother consulted more than three times.
Restricting the analysis only to cases, Poisson regression showed that each additional one maternal GP consultation for NSPS was associated with increase in the rate ratio for number of consultations for NSPS in the child by 1.03 (95% CI 1.01, 1.05). Additionally, using logistic regression, we found that cases whose mothers consulted with multiple NSPS (two or more NSPS) had increased odds of consulting with multiple NSPS as compared to cases whose mothers did not consult for NSPS (adjusted OR 2.24, 95% CI 1.68, 2.99).
The association between GP consultations for NSPS groups and single NSPS in parents and children
As shown in table 6, we found significant associations between consultations for painful NSPS in mothers and children (OR 1.49, 95% CI 1.28, 1.74), but not for not-painful NSPS (OR 1.11, 95% CI 0.88, 1.40). Logistic regression analysis showed significant associations between maternal and child consultations for musculoskeletal, gastrointestinal, and neurologic symptoms, but not for cardiopulmonary and urogenital symptoms (table 6) . Additionally, the association between maternal and child consultations for single NSPS was statistically significant for abdominal pain, joint pain, extremities pain, headache, and vomiting (table 6) 
Discussion
This study found statistically significant associations between GP consultations for NSPS in mothers (but not fathers) and their children. The association between parental and child consultation was stronger when both parents consulted for NSPS. We also found a statistically significant gradient of association between the number of GP consultations for NSPS and the number of NSPS in mothers and children. Additionally, we found significant associ-ations between maternal and child consultation for painful symptoms, specific body systems, and single NSPS.
The observed associations between GP consultations for NSPS in mothers and children are consistent with the findings of a systematic review which found evidence of an association between GP consultations for NSPS in parents and children [12] . However, that review found only eight studies, and the majority of studies used self-reported data by either parents or children and used cross-sectional designs. One study reported that the associations between GP consultations for abdominal pain or headache were greater for mother-child pairs than father-child pairs [3] . Another study found maternal GP consultations NSPS more predictive of the child consultations for gastrointestinal NSPS than those of fathers [25] .
With respect to the significant association between maternal and child consultation for painful NSPS, but not for not-painful symptoms, it may be that consulting behavior is influenced by level of pain severity and perceived seriousness of the symptoms [26, 27] . For example, parents may perceive painful NSPS in themselves and in their children as more serious than not-painful NSPS, which influences their GP consultation rates for these NSPS.
One possible explanation for these associations is an inherited genetic predisposition to NSPS. There is some evidence that genetic effects contribute to the onset of some NSPS and syndromes, such as headache and irritable bowel syndrome [28, 29] . However, it is seems unlikely for genetic factors to fully explain this, because only maternal (and not paternal) consultations for NSPS were associated with the child consulting for NSPS. Another explanation is shared exposure of family members to certain social and environmental factors (e.g. stressful events, lack of social support, socioeconomic circumstances, and poor family functioning) which have been found to be associated with greater reporting of NSPS [30, 31] and GP consultations for NSPS in parents and children [7] . One plausible explanation is the childhood social learning of illness behavior, which has been hypothesised to play an important role in the development of illness and healthcare seeking behavior among children [32] [33] [34] . A number of studies have suggested that parental responses and attitudes toward the child illness (reinforcement) and parental coping mechanisms with their own illness (role modelling) may influence symptom frequency, disability days, and healthcare consultations in their children [35, 36] . We would expect social learning and role modeling to increase with child's age. However, we found no significant interaction effects between the child age group (or other independent variables) and maternal consultations for NSPS on the child GP consultation status for NSPS. This suggests that the maternal effect on child consultations for NSPS through ''reinforcement'' is present at all ages and represent a more important influence.
Strengths and limitations
The main limitations of the previous few studies that examined the association between GP consultations for NSPS in parents and children were the use of self-reported data which is prone to recall bias, including children from specific age groups, and the use of cross-sectional designs that are unable to distinguish the direction of associations. Strengths of our study therefore include the fact that we used documented GP consultations, which are more precise source of information on attendance in primary care than relying on self-reported data by children or their parents that may be prone to recall bias [37] . Additionally, we included a large sample (n = 5308) and relied on documented GP attendance from Table 3 . Associations between consultations for NSPS in either parant and children.
Cases (n = 1328) n(%) Controls (n = 3980) n(%) Crude OR (95% CI) Adjusted OR (95% CI) Table 4 . Associations between consultations for NSPS in both parents and children.
Cases (n = 764) n(%) Controls (n = 2183) n(%) Crude OR (95% CI) Adjusted OR (95% CI) Physical Symptoms in Children and Parents PLOS ONE | www.plosone.org12 practices which increases the internal and external validity of our findings. Also, as described in the methods section, CiPCA is a high quality validated database, which enhances the validity of our findings. For example, 97% of all GP consultations that occurred in the CiPCA practices in 2006 were given a morbidity code [38] . Another important strength is that parental consultation status for NSPS was ascertained using parental consultations data in the two years preceding the child consultation, which provides a clear temporal relationship. Additionally, the observed associations were supported by evidence of gradients of association. One limitation is the potential for diagnostic misclassification, which is a common problem in primary care [39] . However, diagnostic misclassification is unlikely to completely explain the associations found in this study due to the high quality of coded clinical data within CiPCA practices. Additionally, the current classification system used in primary care allows for coding definitive diagnoses (e.g. urinary tract infection) as well as symptoms' diagnoses (e.g. abdominal pain) when a definitive diagnosis is not established, which reduces the potential for diagnostic misclassification. One potential limitation is the lack of blinding of GPs to symptoms in parents and children at time of consultation. However, we believe that this is minimal and not systematic because it does not explain differences in associations between mothers and fathers, and that our findings were based on association between parents' consultations in 2007-2008 and the child's consultations in 2009. Another limitation is that, based on GP practice registered population data, we were not able to examine whether our findings are different for children living or not living in the same house as their mother and father. Also, paternal consultations status for NSPS was unknown for 43% of children. However, this was distributed equally between cases and controls. Additionally, it is unlikely that the lack of significant associations between GP consultations for NSPS in fathers and children is entirely attributed to low study power as the numbers of children with paternal consultation data were more than those needed based on sample size calculations. Although we matched controls and cases on maternal age group, they differed significantly on maternal age. However, it is unlikely for this to lead to significant changes in our ORs estimates because we also found statistically significant associations for single NSPS in mother and children after adjustment for maternal age in unmatched analyses.
Although this study set out to examine the association between consultation patterns for NSPS in parents and children, GP consultation data only provides a measure of health problems for which practice registered populations have consulted. Thus, the presence of other NSPS which did not result in GP consultation remains unknown.
Generalizability
In the UK over 97% of the population is registered with a GP practice, which usually provides first point access to nonemergency healthcare [40] . We used a large population-based sample of families registered with GP practices from Staffordshire. This area is more deprived than England as a whole, but we found no significant associations between child GP consultation for NSPS and area level deprivation in either univariable or multivariable analyses. Although the healthcare setting in UK may be different from other healthcare settings, similar associations for specific symptoms between parents and children were reported in different countries [3, 25, 41] .
Implications for clinical practice and future research
These findings indicate that GPs and other medical practitioners managing children with NSPS in secondary care settings should be aware of the association between consultations for NSPS in parents and children, as such insights might direct medical practitioners toward alternative management approaches. For example, a recent randomized controlled trial has demonstrated that cognitive behavioral therapy (CBT) targeting children's coping responses to recurrent abdominal pain and parents' responses to pain in their children was associated with significant reduction in pain and gastrointestinal symptoms severity in children at six month follow-up [42] . It is not clear whether CBT had an impact on the consultation behavior of children for NSPS. There is some evidence from literature on adults that CBT, pharmacological therapy, and aerobic exercise for patients presenting with NSPS in primary care and general outpatient clinics are effective in reducing frequency of symptoms, the number of consultations, and related psychological distress [43] [44] [45] [46] . Potentially, such interventions for parents could impact on the illness and healthcare seeking behavior of both parents and their children, but no studies exist to confirm or refute this. This provides a rationale for future research to focus on development of Table 5 . Associations between number of consultations for NSPS and number of different NSPS in mother and child consultation for NSPS.
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Conclusions
This study suggests that exposure to maternal GP consultations for NSPS is a significant risk factor for similar consultations in the child. This finding was strengthened by evidence of gradients of association between number of GP consultations for NSPS and number of NSPS in mothers and children as well as associations for specific type symptom groups and single NSPS especially painful NSPS. This study adds further evidence that children may learn their illness and consultation behavior from their mothers, and that recurrent consultation for NSPS in children should be viewed within a family context. 
